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INVESTIGATION  OF  THE  METHOD  OF  EFFECT  ON  CONVECTIVE  CLOUDS  WITH  THE 
AID  OP  SUB  FACE-ACTIVE  COMPOUNDS. 

Ve  Ye . Korniyenko,  M.  V.  Tovbin,  A.  I.  Furman. 

Page  99. 

During  the  lavelopment  of  the  methods  of  the  artifiiLal  causing 
* of  precipitation,  as  under  the  influence  on  other  weather  processes, 

main  condition  is  at  present  the  detection  of  those  caapni ent/links 
of  the  process  of  the  formation  of  the  precipitation  in  wiich  with 
the  aid  of  microeffects  it  is  possible  to  obtain  macroscopic  effect. 

This  condition  is  caused  by  the  facts  that  energy  of  i 

precipitation-foriing  processes  considerably  exceeds  the  energy 
possibilities  of  contemporary  technical  means  [5],  The  difficulty  of 
developing  the  effective  methods  of  the  causing  of  precipitation  is 
caused  also  by  the  facts  that  the  question  concerning  the  mechanism 
of  the  natural  processes  of  precipitation  formation  still  distant  at 
present  from  solution.  | 

j 


One  Of  the  possible  mechanisms  of  the  formation  of  precipitation 
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in  convective  cloids  is  proposed  Langnuir  [2]  the  chiin/ci tena ry  ! 

process  of  the  fragnentation  of  large  drops.  ’ 

I 

In  cuBulus  ongestus  clouds,  as  a rule,  is  contained  certain 
quantity  of  large  drops  of  water.  Falling  under  the  action  of  the  j 

force  of  gravity,  such  drops  seize  in  their  way  cloud  particles  j 

(gravity  coagulation);  gradually  increasing  in  size/iiiens ions.  With  ' 

i 

the  specific  "critical”  dinension,  namely,  after  achieving  a radius  } 

of  approximately  3 mm,  drop  it  becomes  unstable  and  spontaneously  it  , 

decomposes  to  smaller  drops.  The  latter  are  transferred  by  the  | 

ascending  currents  to  the  upper  part  of  the  cloud.  In  this  case,  they  { 

also  increase,  reaching  the  size/dimensions  at  which  the  ascending  | 

currents  no  longer  can  support  then  in  suspension.  Further  such  | 

particles  again  begin  to  be  omitted,  gradually  increasing  to  critical 
dimensions.  As  a result  of  the  multiple  repetition  of  the  described 
process,  occurs  the  dispersive  rearrangement  of  cloud,  a goantity  of 
large  particles  in  it  continuously  grow/rises,  which  as  the  final 
result  is  led  to  precipitation.  The  possibility  of  development  in  the 
cloud  of  chain/catenary  process  as  showed  Langmuir,  is  determined  in 

i 

■I 

essence  by  h is  vertical  power/thickness  and  liquid-water  content.  1 

1 

J 

J 

On  the  basis  of  approximate  computations,  it  is  possible  to  show  . j 

I 

that  the  mechanisa  of  the  chain/catenary  fragmentation  of  drops  under 
natural  conditions  can  occur  only  in  the  clouds  whose  vertical  extent 
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about  7 ki  and  average  liquid-water  content  are  not  less  than  1 q/o*. 

Taking  into  account  foregoing,  during  the  developaent  of  the 
nethod  of  the  causing  of  precipitation  from  convective  Clauds,  one 
ought  not  to  have  provided  artificial  effect  precisely  on  the 
chain/catenary  process  of  the  f ragaentation  of  large  drops. 

Page  100. 

In  other  words,  it  is  necessary  to  explain  the  possibility  of  the 
boosting  of  the  process  of  the  fragmentation  of  drops  in  clouds  and 
artificial  to  create  such  conditions  under  which  chain/catenary 
process  can  be  developed  in  the  clouds  of  smaller  power/thickness. 

For  sxplainiag  this  possibility,  one  should  examine  the  factors 
on  which  depends  the  development  in  the  clouds  of  the  chain/catenary 
process  of  the  frag  mentation  of  drops.  By  such  by  factors,  as  noted 
above,  are  first  of  all  vertical  extent  and  water  content  of  clouds. 
However,  to  affect  artificially  these  parameters  is  not  represented 
at  present  possible. 

Furthermore,  the  developnent  of  the  chain/catenary  process  of 
> the  f ragnentation  of  drops  depends  on  their  critical  dimension,  in 

connection  with  tiis  arises  the  question  concerning  th>  possibility 
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of  actificial  efCact  on  the  critical  dinension  of  the  spontaneously 
crushing  drops,  decreasing  which,  it  is  possible  to  cause 
chain/catenary  process  in  the  clouds  of  smaller  power/t hi: kness  and 
liguid-^vater  content. 


i 


4 


Wot  the  calculation  of  the  critical  dimension  of  the  crushing 
drops  V.  G.  Levichem  [ 1 ] was  formed  an  equation 


r 


K — 


Ao 

piA  ’ 


(I) 


where  r„  is  a critical  radius  of  crushing  drop,  t - the  rate  of  its 
incidence^drop,  p - air  density,  « - surface  tension  on  boundary 
liquid  - air,  A - a constant  value. 


Equation  (1),  as  it  was  shewn  one  of  the  authors  of  present 

1 

, article  [4],  it  will  agree  well  with  experiment. 

As  can  be  seen  from  the  equation  of  Levich,  the  size/dime nsion 
of  the  spontaneously  crushing  drops  is  proportional  to  the  surface 
tension  of  liquid.  This  makes  it  possible  to  outline  the  way 
artificial  change  and  thereby,  artificial  effect  on  the 

development  of  the  chain/catenary  process  of  the  fragmentation  of 
drops  in  clouds.  So,  the  impur ity/admixtures  of  surface-active 
compounds  PAV  [[surface-active  agent])  are  capable  sharply 


(2-2.7  times)  to  reduce  the  surface  tension  of  water  and  respectively 
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''  to  decrease  a radius  of  the  spontaneously  crushing  drops,  this  must 

t 

create  favorable  conditions  for  developnant  in  the  cloud  jf  the 
chaia/catenary  process  which  can  give  rise  to  of  precioitition . In 
this  case,«  as  shoved  the  calculations  of  B.  V.  Kiryukhin,  for 
? ’ developing  the  chain/catenary  process,  the  required  ainiaum 

power/thickness  of  cloud  coaposes  altogether  only  3-4  km  with 
■ liquid-water  contant  of  approximately  2 g/m^. 

On  the  basis  of  the  indicated  considerations  was  placed  the 
problea  - develop  the  method  of  the  artificial  causing  of 
precipitation  froi  the  clouds  of  a comparatively  low  power/thickness. 
It  xs  necessary  to  keep  in  mind  that  the  proposed  method  makes  it 
possible  to  give  beginning  to  the  process  of  the  formation  of 
precipitation,  for  the  addition/completion  of  drop-forming  fraction 
in  cloud,  the  method  effect  does  not  have. 

' In  connection  with  this  the  application/use  of  the  daveloped 

method  could  give  noticeable  practical  effect  first  of  all  in  the 
clouds  of  considerable  power/thickness.  However,  the  field  testing  of 
its  effectiveness  it  was  solved  to  fulfill  on  the  clouds  of  a 
comparatively  low  power/thickness  for  following  reasons. 


First  of  all  it  is  necessary  to  establish/install  that  ”does 
wear/operate"  method  generally.  This  testing  is  most  better  carried 
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out  on  clouds  whose  probability  of  chain/catenacy  process  under 
natural  conditions  is  snail.  Incidentally  is  elininatei  the  effect  of 
crystallization  oi  the  forsation  of  precipitation;  let  us  note  that 
in  the  stappe  part  of  the  Ukraine  where  it  was  assuned  to  carry  out 
experiients,  clouds  whose  power/thickness  is  are  more  thaa  4 kn,  as  a 
rule,  hawe  teiperature  at  the  height/altitude  of  apex/vertex  below 
-10®. 


Page  tOI. 

It  is  of  also  interest,  is  it  possible  with  the  aid  of  this 
■ethod  to  obtain  virtually  significant  settlings  in  the  iidicated 
area,  which  possesses  the  determined  resource/lif etiaes  of  clouds  Cu 
cong,  which  do  not  overgrow  naturally  in  Cb. 

Finally,  the  available  technical  capabilities  (aircraft  of 
ILr14)  did  not  make  it  possible  to  carry  out  experiments  on  the 
clouds  of  considerable  vertical  power/thickness. 

With  those,  in  order  to  enlarge  the  possibilities  of  applying 
the  nethod,  naaely,  artificial  to  increase  the  rate  of  growth  of  the 
drops,  which  contain  PAY,  to  the  selected  reagent  was  added  urea  - 
the  hygroscopic  substance,  virtually  not  decreasing  the  effect  PAV  on 
the  surface  tension  of  water. 
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I ’ 

t 

I » 

' ' Field  tests  5f  reagent  were  carried  out  by  suranar  1956  in  the 

steppe  areas  of  the  Ukraine,  part  of  the  experioents  in  tae  Black  Sea 
coast  of  Caucasus. 

! 

4 ^ 

The  fault  of  reagent  into  cloud  was  realized  with  the  aid  of  the 
' I aircraft  liquid  installation,  ensuring  the  expenditure/coa sumption  of 

11  1/s,  through  delivery  pipe  with  a diaeeter  of  15  cm.  la  relative 
wind,  the  jet  of  ceagent  was  crushed  and  in  the  form  of  snail  drops 
fell  into  cloud.  Reagent  was  introduced  during  the  flight/span  of 
If  aircraft  in  cloud  deck  (on  100-200  m its  lover  than  upper  boundary) 

in  a quantity  10-15  t-  on  km^  of  the  volume  of  cloud. 

After  gulf/bay  the  aircraft  descended  under  the  basLs/base  of 
experimental  cloud  and  was  located  here  prior  to  the  beginning  of 
precipitation  and  during  entire  time  of  their  precipitation.  Mas 
^ record/fixed  tine  of  the  beginning  of  precipitation,  their  duration 

and  intensity  (visually)  on  gradations  "separate  drops",  "weak  rain", 
the  "moderate  rain".  • 

Effects  were  carried  out  into  the  second  half  sumaer/years  under 
diverse  synoptical  conditions.  As  a rule,  near  experimental  clouds 
^ were  located  Cb,  the  given  natural  settlings. 


f 

I 
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Paraietecs  of  th<  clouds,  subjected  to  effect,  and  the  results 
of  experiaents  are  given  in  Table  1. 


As  can  be  seen  from  these  tables,  the  vertical  extent  of  clouds 
was  located  2130-4190  m,  in  this  case  in  1 1 cases  of  15,  it  exceeded 
2500  a.  Taaperature  at  the  height/altitude  of  seeding  was  almost  in 
all  experiments  is  negative  but  in  the  majority  of  cases,  it  did  not 
exceed  -10®.  All  clouds  at  the  tor gue/moment  of  effect  increased. 


Prom  experimental  clouds,  as  a rule,  fell  the  precipitation  in 

the  fora  of  separate  drops  or  weak  rain.  j 

i 


The  evaluation  of  the  effect  of  actions  only  according  to 
on  the  precipitation  Lake  of  experiaental  clouds  is  difficult. 


data  I 

since 


froB  these  clouds  with  the  deterained  probability  could  fall  the 
natural  settlings.  This  fact  can  be  excluded  by  carrying  out  control 
experiaents  without  effects  on  analogous  clouds.  The  comparison  of 
precipitation  froa  experiaental  and  control  clouds  will  give  the 


j 

i 


i 


i 


characteristic  of  the  effect  of  actions.  According 
present  in  UkrNIGNI  is  aade  the  evaluation  of  the 
on  convective  clouds  by  solid  cOg. 


to  this  pattern  at 
effect  of  actions 
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HoweTer,  coniucting  control  experiients  would  lead  to  a 
considerable  increase  in  the  volune  of  work*  and  the  aolation  of 
posed  probleas  woald  require  much  tiiKe.  Therefore  to  evaluate  it  was 
solved  to  utilize  materials  of  32  experiments  on  control  -louds,  the 
carried  out  accorling  to  program  effects  by  solid  CO^.  So  that  this 
comparison  would  be  competent,  it  is  necessary  that  the  parameters  of 
experimental  and  control  clouds,  determining  the  process  of 
precipitation  fociation,  would  be  close  between  themselves. 

Page  102. 

By  such  by  the  parameters  first  of  all  is  the  vertical  extent  of 
cloud  and  the  temperature  at  the  level  of  the  effect,  last/latter 
determines  the  possibility  of  the  natural  formation  of  precipitation 
because  of  berzherona  - Findeisen*s  process.  Let  us  note  that  of 
control  clouds  this  value  was  measuted  just  as  in  experimental,  i.e., 
durinn  the  entrance  into  cloud  at  height/altitude  100-200  m lower 
than  upper  boundary. 

Table  2 and  3 gives  the  frequency  of  the  values  of  these 
parameters  of  experimental  and  control  clouds. 

The  analysis  of  data  of  tables  shows  that  the  experiaental 
clouds  had  somewhat  a large  power/thickness;  however,  were  more  warm 
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than  controls-  This  is  confirned  on  the  average  values  of  the 
paraaeters  in  question:  average  vertical  power/thicicness  is  equal  to 
3030  B of  experinantal  and  2840  a of  control  clouds,  mean  teaperatur 
OB  level  of  effect  -5,8  and  -7.3®  respectively- 
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Table  1.  Paraaeters  of  experimental  clouds  and  the  results  of  the 
effects  by  the  reagent  of  vzhs  ♦ urea. 
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^ Key;  t1) . Date.  (2).  Area.  (3).  Tine  of  gulf/bay  (hour,  min.).  (U)  . 

J deg.  C5) . The  latent  period  of  precipitation  formation  (ain.).  (6). 

General  duration  of  precipitation  (min.).  (7) . Duration  of  rain 

* (min.).  (8).  Character  of  precipitation.  t9).  Kishinev.  (10).  d. 

(11).  Krivoy  Rog.  (12).  d k.  (13).  Also.  (1U)„  k,  d.  (15). 
Precipitation  were  not.  ( k.  (17).  Kherson.  (18).  V’nnitsa.  (19). 

Kharkov.  (20).  Short-tern..  (21).  k,  d,  k.  (22).  Odessa.  (23). 

Sukhuei.  (24).  Anapa. 


Table  2.  Frequency  (o/o)  of  the  values  of  the  vertical  extent  of 


experimental  and  control  clouds. 
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. Key:  (1).  Group  oE  clouds.  (2).  Vertical  extent  (ka).  (3). 

Experieental.  (4).  Controls. 


Page  103. 

If  one  assumes  that  these  differences  to  a certain  degree  compensate 
for  each  other,  then  it  is  possible  to  count  that  the  prsbability  of 
the  natural  formation  of  precipitation  of  experimental  and  control 
clouds  is  identical  and  series  in  question  are  comparable  between 
themselves. 

Tabla  4 gives  given  data  on  precipitation  from  experimental  and 
control  clouds. 

Thus,  the  experimental  clouds  gave  precipitation  noticeably  more 
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frequently  than  controls  ones.  However*  this  difference  is  caused  in 
essence  by  the  increased  frequency  of  precipitation  of  separate  drops 
froB  experimental  clouds,  and  the  frequency  of  precipitation  of  rain 
in  both  groups  of  clouds  is  approxinately  identical. 

It  is  of  alsj  interest  to  compare  the  duration  of  precipitation 
from  the  clouds  being  investigated.  The  general  duration  of 
precipitation  (including  precipitation  of  separate  drops)  it 
comprises  in  average/mean  17  min.  of  experimental  and  18  min.  of 
control  clouds,  the  duration  of  precipitation  of  rain  17  lin.  of  both 
groups  of  clouds. 

Thus,  neither  in  the  number  of  cases  of  precipitation  of  rain 
nor  in  its  duration  of  differences  of  experimental  and  control  clouds 
it  is  reveal/detected  that  effect  did  not  lead  to  an  increase  in  the 
probability  of  precipitation  of  rain.  The  effect  of  affect  on  the 
process  of  precipitation  formation  in  these  cases  could  ba  revealed 
in  the  intensification  of  rain;  however,  this  from  data  of  visual 
observations  reveal/detect  could  not. 

However,  the  number  of  cases  of  precipitation  of  separate  drops 
of  experimental  clouds  is  noticeably  more  than  in  controls.  This  fact 
can  serve  as  the  only  index  of  the  effect  of  actions.  Apparently,  in 
a number  of  cases  with  the  application/use  of  the  method  being 
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j , ia»estigated  it  was  possible  to  cause  precipitation  of  separate 

I*;  drops;  however,  these  settlings  are  not  of  practical  use,  especially 

I as  their  part  evaporated  with  incidence/drop  in  subcloud  layer.  It 

I 

1 { Bust  be  noted  that  the  effects  of  effect  on  the  reduction  processes 

I of  the  water  supply  of  cloud  is  not  assuned,  but  the  ona-tiae  water 

t 

supply  of  Cuaulus  congestus  clouds  is  insufficient  for  obtaining 
! essential  precipitation. 
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Table  3.  Prequencf  (o/o)  of  the  values  of  temperature  at  the  level  of 
effect  of  experimental  and  control  clouds. 


0) 

Tpynna  oGaaKOB 


.^'PnuTHue  . . , 
VKoftTpOJbHUe  . , 


' Jl)  TeniKiiaTypa  Ha  ypoiHc  aoajtcftcTmHB  (rpaaO 


>0  -0.1-8  -S.l-IO  -lO.l-JS  <-I6 


Key:  t1) . Company  of  clouds.  (2).  Temperature  at  the  level  of  effect 
(deg.).  (3).  Experimental.  (4).  Controls. 


Table  4.  Frequency  (o/o)  of  the  number  of  cases  with  the 
precipitation  of  different  intensity  of  experimental  and  control 
clouds. 


- &) 

rpynna  ofijiaHO 

vOnuTHue  .«  . 

. (2^KoHTpDJJbHUe  . 


Bes  ocjij(KO» 


(y) 

C odAKam  ua« 


- 

Ciaeuf  aoaiAfc 


Key:  (1).  Group  of  clouds.  (2).  Hithout  precipitation.  (3).  with 

precipitation.  (4).  Separate  drops.  (5).  Weak  tain.  (6). 

£ X p e r I fT)  € n.  • C'^)  d c ^ e I S - 
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Page  104. 

Unf ortunatel during  the  execution  of  the  experiments  to  carry  out 
systematic  observations  of  the  evolution  of  clouds  it  was  not 
representad  possible.  In  a number  of  cases,  it  was  possible  to  note 
time  of  the  initiation  of  the  fracture  of  cloud.  Up  to  the 
torque/aoment  of  the  termination  of  precipitation,  all  clouds  were 
locatmd  in  the  stage  of  destruction.  The  noticeable  differences  in 
the  character  of  the  evolution  of  experimental  and  contril  clouds  are 
not  reveal/detected;  however,  for  final  conclusions  ate  necessary 
supplementary  in vastigations. 


The  made  analysis  mates  it  possible  to  assert  that  with  the  aid 
of  the  method  being  investigated  in  a number  of  cases  it  is  possible 
to  cause  precipitation  from  convective  clouds;  however,  to  obtain 
virtually  significant  amount  of  precipitation  from  the  clouds  of  the 
investigated  range,  obviously,  on  is  represented  possible,  since  the 
method  doas  not  provide  for  effect  on  the  processes  of  the 
regeneration  of  moisture  in  cloud.  Checking  the  effectiveness  of 
method  on  the  clouds  of  larger  vertical  power/thicknass  requires  the 
setting  of  special  investigations. 
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